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(57) Abstract: 

PURPOSE: A thin film transistor substrate is provided to decrease 
the number of the masks used when manufacturing and to 
manufacture a liquid crystal display device allowing to protect a 
gate pad. by using four masks. CONSTITUTION: In a thin film 
transistor substrate, a gate wiring having a gate wire and a gate 
electrode connected to the gate wire is formed on an insulating 
substrate. A gate insulating film is formed to cover the gate wiring. 
A resistive contact layer pattern(55, 56) is formed on the 
semiconductor pattern. The source and drain electrodes(65 1 66) are n» 
formed separately on the contact layer and are made of the same 
layer. A data wiring includes the data line connected to the source 
electrode. A protection film pattern is formed to cover the data wiring. A pixel electrode is formed to connect to the drain 
electrode. The division of the source and drain electrodes is carried out using photo-etching process with a 
photosensitive film pattern0 14). The photosensitive film pattern is located in a channel portion(C) between the source 
and drain electrodes except for the corner parts. The pattern includes the first part having the first thickness, the second 
part having the second thickness thicker than the first thickness and the corner parts. The third part is located in the 
place except for the first and second parts, and does not have any thickness or has the thickness thinner than the first 
thickness. 
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(54) em mi«xi^ei 7i© si n2i *ii=e 



7is floii 7)ioiM4i. tiioih nun, TjioiM a^# sfsfe TiioiB una* sasm, Tflois s^st, §tj# sy SE.m\ 

%m n ¥NI £i°hcK Qt^Hl- #sKH &£Mo|| ^# sa^ * stAi-s^ g^gj migjs 

nati-ci-. aim sua §o)iAi ii a^i Heiie! ak>|£| xhu^oii ^iti- *m ^ 0 \b\ u ^ 0 \ « «oii 

9 *l|2 ^Mc|- 5E|=Hl =lEif ©W, 7 1 e|- ifgjH *HB^-2| S.A-) a] ^§s| £hg-sj£ af *l|7]9nf. o|fe o^ao)| tft-gs. 

Mch s^. nflgjoluf #5!(slit)« 8a*Mi4 yf-S^+S ¥(H acajou a^sife %a| sa>8* 5lsf7-m, a|#S^# #«fo| 

q# °J§°£^ 7fes|-cK ciS, 7|e|- ififcaf *Htel^2| ha)e| ^sio) at Ea«l#S £Efe 
<N^+ H J H J°S *l|7mc*l n s^h| §7J## ESA^m, ?i|^tHA-i e#=! gi a #s.M\%m Q^e-l *II1 ¥^ 

yJM g^ao S £a|o|| x||7-|°fch ES*IIS Sgo| alfe *|z>|7|# o|4(ashing)ft «*KH x-IM*!- sla| 

ai *iiai» *ny^si zmm sy ^ «^a| mm qz&w n\7m°m, ±± saiei a^# £aitw. 

oh alt aa-aj- Jfl2 JflTHS fiS«M a}£ g= Ms 7)|o|s H= §U Ms g|o|e| m =# flgftcK 

E 1S8 U-g2| 4JA|<H|oq a}# s^g 5A | aj-a| m|Hx|^e-| 7|£he| h||*|£oU, 

S.2 S! £ 3S JE 1o)| £A|$ a|a| s|Hx|^e-| 7|&# ||-||' a Si lll-lll'a* t42f Sa|-£A|tt &<&E.0\Il, 

S. 4afe ft tfga| nu aja|o)|o)| ccfah 5! EW|o||AH3| afaj- M?Hx|^Ei 7|fis| B|*|£0|a, 

£ 4b Sj 4ofe IW JE 4ao)|Ai IVb-IVb' a Si IVc-IVc 1 a# H|-a| SbJ £A|tf E}fljE0|ct| i 

E 5a SJ 5bfe E 4ao)|Ai IVb-IVb' a SJ IVc-IVc' a# o^af »sf £A|ft EW£**I, E 4b % E 4c cfs Et?l|o||A)s| £j 
SEO|H, 

E 6afe E 5a a 5b E}|| Eh7||0||A|a| t^Bj- sgjxI^E] 7|fis| H|*|E0|al, 

E 6b Sy 6cfe Z|Z+ E 6ao||Ai Vlb-Vlb 1 a S! VIc-VIc 1 a# o*2h »a|- EA|fl £}^EO|Bj, 

E 7a lHx| 7c, E 8a 8c 3U E 9a Mix) 9cfe ¥»l|7| Eh# ^#b^« §a°fe o|* £A|£j. eI°1Eo|2, 

E 10a, 11a, 12a2f E 10b, 11b, 12bfe ^ E 6ao||A| Vlb-Vlb' a S! VIc-VIc' a# a|af 1^ E A | ft &}^ESAH E 6b SI 

6c c|« tmmm sa ^hoii ufah eais- ^om, 

E 13afe E 12a Si 12b ^t|o|a|s| H}-^ 2=?Ha|^e-| 7|£h°| Bl*|£0|2, 

E 13b SJ 13cfe E 13ao||A| Xlllb-Xlllb' a SJ Xlllc-Xlllc' a# ^a| §a| EA|9 afl£0|n|, 



EE. 14fe •& WSS| XH|2 ttf# qi|g £A| 9*13- tq-gj Eg X |^ 7|#°| ^3E# £A|S H|*|5E0| H, 

£ 15fe S- BtSs| x|| 3 ^A|oi|oi| am °i|9 3A| 9*|s. h|q| sgx|^E| 7|^°| ?3E* £A|e u||*|JEO|:il 
£16§£ 15oj|A| T feMloWl £A|fi M£OU, 

i 17^ £ i5o«Ai xvii-xvir d# d*bj sbi £A|» trasoin, 

£E 18-B * ^gs| x-||3 ^A|cH|o|| □:(•# °«9 £A| $x|£ Ma*l:£:B| 7|fts| J£A|fh Ego^, £ i6o||Ai 

XVII-XVII' £!# ofa* SB|- £A|ft EjflJEOl JH, 

£ 19 g] £ 20-ir * *i|4 4|A|o)|o|| oj,*j SA | e L HX|^N 7|ff°| £A|» StilES*!, *W £ 1 

cH|AH ihi' §J in— ||| a ti# SeI-S E.^o|H, 

EE. 21a 9 £ 21 * tf«S| *l|4 4|A|o||o|| n» °J|9 SA | #*|g. ^ H?HX|^E| 7|S°| *\\3L ^9 &M<* *W 

n EK3JESA), £ 21 a^ S 6ao||A| vib-Vlb* ft! ft a*B* IM jea|?|. EhSSESA-], £ 21b^ £ 6ao||AH Vic-Vic' 4d# n»Bj IfBf 
£A|fh a D j£0|2, £ 10a S £ 10b£| c^g EMI* E A |£J- £ D JoU, 

£ 22a MW je 22c^ & WSsj um\°\\ <*|9 &a| 9x|# ^ s?hx| ae| 7|fis| xils a-Boj|AH A^s|fe ^ 
^H°| n|A|| nHfH ^Sfr £A|oj- b||x|£0|ni, 

5L 23a §J £ 23b^ £ 22a £ 22c£| n^H* 0|««}O| ^dj. ^go. £A|^ Ego^, £ 23b-i=r JE 23at>l|A] 

XXIIib-XXIIIb' a*af SEW EJSHoln, 

£ 24a M|x| £ 24dfr * tfgs| 4|a|o|o| uf# 7H£lS #d^HS| ?3E» £A|ft u|*| jeoU, 

£ 25a £ 25bT7 E. 24a Ml*! e. 24c^I d^3* O|**|-O| y-g-oj £A|fi £go S Ai, £ 25b-^ £ 25aoj|Aj 

xxvb-xxvb 1 g* im ^sjeou, 

£ 26a Mi*l E 26c-b * *i|2 ^A|oi|o|| ixf# s a| £x|g. eaH X |^Ei 7|^a| xfls «^o||Ai xHU^# HB| S 

JE 27a l-H^I £ 27e-^ * ^A|oi|o]| af# oh^ sa| g-x|# Hj-gj HQj a|^e-| 7|0-°| xi|^ ^a<>l|A-) Hj-^gp|^ 7|-A|-^ ^ 

n{±EL2.\ 5EA|th ES^^Ai, £ 27a, £ 27c, £ 27d SU £ 27e-^ d^fj- ^ *m\ d\±b.Sl\ ^# £A|fl a||*|JE 

0\H t El 27b^ JE 27acH|Ai XXVilb-XXVIIb' nja|. ^HOU, 

S. 28 SU £ 2fe * X|| 2 4|A|0||0| ^# Q|j S K a\ ^q- egjx|^E| 7|SS| Xi|ZE ^011 Ai A^fe ^ m\ 



5A| h|q| hihai^e-1 7iesi =l »boii a-th aoicf. 

9HS SA| s-^l^. ^xH 71-S UB| a(.^h|ji at 2A| g ©MSA!, g^o| S^£|cH Sl-^ ¥ S-s| 7|£tef a A|-o|oj| 

Itfe HA| »*|0|C+. 

£A| §oi|A)E ^xh Af#H|-^ ^-B ^lEMI S^o| zi-zj- a^£|cH g=o|| °j7l-H|t ^iS^ 

^■a^Bi»7Wji5afeaia hai 9*1014, ^ sa^Bite¥?is*«moii s^hi^^oi u^oick 

ft «o|7| ^|sl|AH-b n^asl ^# a|7| Hfe go| u^^W, *^ 59 5E^ 6&a| a^b|h sacf. #^ 49 

o| Df^H* 0|S*K>| ^?HA|>:Ei 7|B» 3E||S*te ^0]| C«§HAi£ §7H^J U} 3°^, 0 |» ^Xi|^ 5|««f7|7|- Dfl^ 0(3| 

49-o| DfA 3f 0|#oj- §HH°| 9i|9 SA| 9*1 § H^HA|^E-| 7|@.S| Xj|^ 0|0|| ^SJ^ 

ojxi , 51»|| o^a* 0|*«K>| 7|» ?|0|| XiH-Ol 9^ S-^lfeOm o^ n | - ftg s o S 7||0|e U || Aj « g^g. ^ n m n 

o|je Soj^ u|9a n+ tj|9S gj £)SahcK #^SI □h^H# o|§^oi n + y|9§ 

H|9^ fl^:#H| 9«^#S«NyW. OlUfl, 7||0|S HHJE 9^0||^ 9«^S«SO| y-0|- o^H 7j|0|E gojP|n}0| y- 

o|- 9e||7|- gcK o\o\ t iTOOndium tin oxide)^-! « d^HI- o|^oi 5()e-) y ftcK o|kH, »(o|B 9^| 

^ ito^-oi y-oi- atcK uo^# D^as 9o^ ^# 9 n + UNytt ^s^ck dwbj-o 

s, o^a# o|**W §^s| 7i|o|B S°ie|# BHEiy^a ^st ^S!A|^Ei 7|eo| a«acK oH^|ch|aH 

DW D 4 EWISJ M^q- y tWIOllAH 7||0| e jzjH a a o| 7j| 0 | e go^°fO| X||7^DK 



0|fi|- SOI, #HH°| 49^1 0|§o| x||2E ^ao||A^ ^o|fe ^o|fe fiog £.*0|9 7||0|E sHH7|- aqis in 

#gch nam ojfoliom ttee #a|9, X Roi| m^oi «7|| £aj.£|7| t|cK o|« 

M9o|-7| fltHAi^ 7i|o|H H||Aj^ o|#°[o^ #a|9, tw^oj ^9o| sj^ A^oiof: sfedi, g^s| 



O/^JlXfshb 71^2} Jim 
U-U-§1|gsfe2!o|d. 

•& ^90| 0|^2Xf Sfe 7|#S| B|-Xi|^ 7)|0|M n||H# fistt 4= ^9 SA| &*|* 4SN of^a* 0|§s W X^Sfe "J- 



ol&IS- aHI» & ^So)|a^ ^ SJ HN|°J £a.|# m| de *£££cf ^|7|- gf© SJ h 

B)|oJ X]=to| AH>|0| lao|| a\B\ 0\<g °|# A|dS D||s «f*B|-0| 4!Z|S|X| q<BH| ^j, g^g o| 0 | 

uHfe a-#a(-o| *M Aiz|E|oi ©J¥2| EBjyjd. 

£ tfgOll Hf = S, S*l Sti flO| 7)|0|MAj Si 0|Sf tf2S 7flO|S iUSfc 71|0|H H|AjJ!f 7)|0|S H||Aj S gjfc ?|| 

o| ■ goiof 01 n °|oj mm if xHij-ah g^g m| @# 84)^, a ?|o)| -g-alsloj SAj E |cH o(och §°£ 

BiSCHS ii S = SJ HE^°J 3^4, 4:^ 9^4 o^Sl E-||0|&|Aj.§. Stj-Sfe D]| 0 |E-j H||^S S^tM". d|0|B) B|Ajg §^ 

Ms^t nflSt- a^sU, Hsl|o| gs^ aas|fe ®± SgSW. ^ SJ m?i SBjfe ^msj- nHB* oiss- 
a|*| gsfoj o|^-chx|ph, nHBs *jd §y heii°i A|o|a| *HW-¥-«Hl 1H II 

1 Y-g-ai m ^nm ?Wc !5ii2 ¥& sj sit 113 ssra-ci-. 

o^MM, 43 ±W Sm D^afe io| H^e} ^am 4 alfe 3!*. ¥-^21- 5i»H ¥«Mc|- w°| ^aftol &s S 

»i) sj 5J»ii ¥^Mcf wo| ^anfoi ajs ^sw aa-sm, a-^aj B«e!E ^ asatoioi, ai-^Hsi m, m, ^ 

SJ-^^l nHtjo| sji aao| ^^|- xi |2 ^^a| =^o| 1/4 o|Sfo| 3iOl ^*|, a-#et nH^sl xi|2 ¥^s| J^»||fe 1 

Utn M|x| 2 gm, u^^Wlfe 1.6 Ml^l *l|1 *f&3\ Jf^lfe 4,000 A o|S^°! 3,000a?J 2|0| uHfs|©W. 

Eft, o^afe jsami ^#ai «m Afoicni swjw, e.mniah a^^ e-an-fesct H?i7i s^e 

& wasi iwofloii dioi&i HiAjaf mi@ sj b}h«i nn@# smai a^a» a^h s^a- - 0 | a^, 

7)|o|M adat. WSE3H1 BUS, £j^f# si ^:^|o|E^ u|£j£ dsaf Ell* a^Scl. S^, ?flo|s a°ja|, WE*)! 

#, SJ ES## H floj| asaf* EStf DliHf #sW Jc#, ^|2 ¥#0| d|o|e) BUAje) ^ 

oil fl*|«fE^ n|)@# aa^cK o|oj, ai|3 ^ ofsH °| Eg#af zl 5|^a| sJ SJ-E*II#, *81 ¥#sl ^ o^a| 
iE3# SJ S^S, a£|3 x||2 Wa| sji? ^»|# Eg§, thE*ll§°£ AA o|^oia c||o|e) b||aj, ®mm 

2HB, H}S£^ mi a* S^S * a#a| nH@# ^Tlfi-cf. o| n|, e||o|e| bBaj, nflS, <£}5.H nflSS cl#a| Afl EW# 7l*| 

Ai QAj*i. 4 old. eixi, xh|3 ¥«■ oiehsi 6*1 £Efe a^i i|2+«K>i c|g, xi| 3 y# oibhsi mm 

# SJ a o^EHa| H}£3HS# ^1 *#3* »1 3^ 113 ¥^ oia|a| 7||o|H 1H ¥€■ o|-eJ|s| ESS# E#a| 

Sah SA|oJ WS£*II^SS o|^&|g nHS# eHJttcf. n|A|eto Si ^| 1 «g 0 lEfls| £E£j#B| 3 o\<$s\ A|ZH»f 

O) *||7HS-0 S *| C||0|El B|Aj2f B«e* s^fhcK 

0i7|AH, D||0|E| BU-id-g- £A| 4|Zto| 7feS US S^*|.fe H¥0||fe ^#S| iHhd D||eS| **(* a.\B\ ft tiS| 4|Z| cf?)| 
SAH tHE«ll§ iflS. EHIOIN B||AJ oj jHQg ^ £ o| c |.. 

0|ttH, 4:^ Sq-al- =B)|eJ Sq- Alo|s| AHy¥fe ttEJtt ^Aj^» 7fx|fe a&| £3£S 4 ^jol^lfe 

fiAH&|^.» ;WE* S^t& 4 aid. o|[£H, xHU¥2| haheI ^^o)|t H}E«IS* «o| HWaittW, 43 «t^s| 

7iioi ■ a'a^g sfe a-^s ^zj-a- ai^f. 

trtl, H|4!* »|0|SXjO)| ^l£|Ol al^S^EH AJS» SWfe ?1|0|S H|Ef C| SMI, E|0|B| H|«|e D||0|B|AjO|| 

oigsW a|^.s^E| a£» SBtffe C||0|B| J3||iE» d| 5f«f2, Ms^t SJ 7)|o|S S^dE 7||0| js B||H SJ c||o|e-| d||h» in 
«A|7|t 112 SJ 113 3^ 7|-X|J1 floo^ 0 | A1|2 SJ 113 3^ 9-9* #SW 7||0|S n|| EL SJ 3|0|E) nflHSf 

□=1 S^af §°£ S2L t||o|e n||c: dj fi5 c|| 0 |b| n| Ef ft^sfe cf^g ci alHf 4 aid. 

asia, S^S ESS sms # ^ga| aja|ch|o|| d# «<S 2a| g-*| si a lis ^0)1 c||o|o^ « ^goi ^sfe 7|^ 

g.0|:0||Ai ##3| X |AjS 7REI X|7| gO|d7|| ^A|fl-4 ojHS AU^| ^gftd. 

St-H -MS S 3J*ia & ^o||Ai^. #gft §£S t*o|x|fe ii g=d hb||9J 3d« #h|# ttH ^ £R a|o|o|| ^|7|- gf§ 



a*i, £ 1 £ 3* SKUS ^oi g. ygs| *ih i|A|o|o| q«g SA | §*|g ^af 7|©°| ^zecHI H*W 

JE 1€- * M-gal *li1 4Ia|o|o|| PtS q§ &a| ^ sgx|^E| 7|ffl-s| h||x|.EO|IL, J£ 2 S JE 3S S 1o|| £A|« 

Hj-af sa^i^El 7|S« ll-ll'4!M IH-lll , «l*nta|-SE|.jEA|s^aiEo|DK 

a*i, 715(10) floil ^□fe(AI) BEfe ^o|fe SS(AI alloy), ga|H@!(Mo) £E4e- ■ta|Mg-|J±S{MoW) t», Hi 
(Cr), »#B(Ta) §s| ^ SE-b JES4£ a*o|S! 7i|o| j= o||£jo| «g<E|o] flch 7||o|M bias 7h£ 1<H Sife ^ 

3s3 ^ 7l|o| j=3(22), ?i|o| ed(22)s| #o|| o^sM 5U<H s|*£*E|a| f-Af 3 Jl# o&\ aj-of 7(o|a«l(22)SJE SBof 
£ 7|0| ■ n«H(24) Si 7Ho|j=3(22)£| ej^oj UfOf JEgx|±E|s| ?||0|j= 3^(26), HB|:H 7|0|«ti(22W flgtM s 

» a^°ii s^sfe ^# a^ aa ^isi as-s si^s^ei a?i- ^ a^(28)# smw. #*i s^tesm » 
^ a^(82)sf ^a^is sa^i una (68)^ gusioi sh^ai a^ m^ ^# s*i oi^, 

n± 3^(82)4 ^|o|^Aj ( 22 )o| o j=! gafol S 451 flch 

7||0|M «Ha(22, 24, 26, 28)€- tf°J§°S S£* ^5. SWa, 0|g#0|M ^f°S *^JE 0|^g 0|&o S g 

g^o||^ ft §s xHS-ol sfe »as S^tU cj« g£ e(-# fi, sf^ 3^R e= a^ £ |- , to ^o| m^ 0 | 

i§ tis a=t u^q^cK sdu^a, s\^.9\ a7i^o^ «aasi^ n^^m M2m?i hhh^ uias i-g 
3* «± mm ««*t7i ni«oi4. ste a^« ito^ aa«fe rroat ^oi ts^ a# 

(Cr), SEL|MB(Mo), E|Ete(n), e&feda) §o| ^|o cHi C r/AI(£Efe A! ffg)s| o|## AI/MoS) o|### n ojs « 4 s Si 
c+. 

>H| 0| jzi «Ba(22, 24, 26, 28) m\£ mW±($\Nj ntflS Ol^cHS 7i|0|je *jo^(30)0| S^H|a| 7j|0| ■ H|4d(22, 24, 26, 
28)*B:i!5UcK 

7)1 o I S as s|(30) flollfe- ^4:^ u|aS ^^(hydrogenated amorphous silicon) P*fls| o|^o|S! nj)@(42, 

48)o| S^S|Oi 8lo B | | H_^| nH@(42, 48) ^|oj|^ °J(P) rx^|o| n g EE%S\0\ ^ISS ^ nfflfi o| 

•f-oia g^#(ohrnic contact layer) sH£d SEfe S^S B«e(55 t 56, 58)o| S^£|o) flcf. 

^^{55, 56, 58) Mo ^ MoW tr^, Cr, Al ^ Al Ta tc^| s| £ g o|^oja c||o|e| u|)Ajo| 

£|Oi C||0|E| H||>y-B AflS ^#0^ S^S|CH ^ C||0|E|a(62) l C||0|E|a(62)a| oj-^ e0 || <a^S|Oj £|Jf^JfE-|o| S |.AJ. 

A Jtf g>fe cH|o|eH nH = (64), aE|n c||o|b|4!(62)s| -S-^ia ^ Ha^l^Nsl ^ 3^(65)°^ o|^o]a c-j|o|E-|£jif 
« Sfl-SW, Stt c||0|E|a^(62 l 64, 65)*r ^a|S|0| 2I°o^ 7||o|H 3^(26) EE^ ^ ^^Hx|^£-|o| «||a «(c)o|| ^[0^ ± 

± a^(65)ai a-cH^oii *i*i^ *w m*\±z\2\ =aia aq-(66)^ #*i a^(28) aoii sat- ^a^i^ sa 
« hhs(68)£ itrSEh a^(28)« a^- ^a^i# sa^ii aHB(68) a# s^*w stfeci.. 

D||0|E| Hi a (62, 64, 65, 66, 68)S 7||0| e ^(22, 24, 26, 28)^ d^7|-X|S 3°J§HS Xl^ia, 0|S#om a). 

tH SicK 5S, o|^# o|^o S Q^^fe S^oil^ e #^ xi#o| ^ #2^ #^ cF# « 

a^ai ^aoi soi unfair. 

aHti (55, 56, 58) -E- ZX o\^-9\ ^JhJEE^I ^@(42, 48)^ a C||0|e| u||a(62, 64, 65, 66, 68)S| y*o| 

^fe ©N, d|0|B| H|a(62, 64, 65, 66, 68m Sllfi 7^3^. ^ ^ C|0|E|«l¥ sHS(55)^ G|0|B| 

a^(62, 64, 65)^ SflSjjl, HEflo] a^g «ZW ^11(56)^ HEfloJ 3^(66)^ Sii^, ^S7|§ BHlj(58)^ 

#x| ^a^i^- jEa^i ^He (68)^1- susi-ck 

ti-g, ate*|| nHS(42, 48)^ ^ E.^x\^b\o\ mg*(C)m X\\SL\1s[?j e||o|b| b|a(62, 64, 65, 66, 68) S ^tj(55, 
56, 57)3* gftiet H«» o|-H 55ICK ^l^jH^, ^Q7|S 40(48)4 ^1 £Ea« 5«e(68) 9 ^ 

S7l-§- n}]@(58)-& H^0|x|a, ^ H?!jx|^Ei-g. ^^(42)-^ ^|0|£| bj|a S! nflt|a| M-Ofx! ^ 

4 ^tZl c^cK ^, ^ M|H^|^&|o| x|)y^(C)o]|Ai Q||o|E-)a^-(62, 64, 65), ^ 3^(65)4 Haljoj a^(66)0| 

£|ci ciioiEiti* »z»(55)4 HBiia a^§ a^s his(56)je -g-e-i s|oi asLi, ^ ■u^eis nB(42)e 

c||o|e| uia (62, 64, 65, 66, 68) Ms^(70)o| §^H|cH 8i^°1, Ms^l(70)€- He1|o| 3^(66), c||0|e| n«H(64) il ff- 

x| ^3^1^ £3*11 BHB(68)* H&|lH-^ ^^^9(71 , 73, 74)1- ?\x\3L ££fi t|| 0 | h 8^^(30)4 »4 7||0|e h}|h 

(24)5 HEiLH-^ ^S(72)# 7|-x| n 551^. S^^t(70)^ a*W^M oBBfll njflsl ^1 SS tlS ol^cHa ^ sacf. 

Ms^(70) ¥|oll^ ^ Egix|>,E|s¥N Ajff uj-ol- Akg-oi aq-4 37|S-# ^^afe m± 3^(82)o| M&z\o] 
XlcK 3^(82)-^ ITOdndium tin oxide) njfls| f.gfi £3 #^5: a«cHx|oi t ^9(71 )# #^oi Hsjja 3^(66) 
3f #a|^-3^|^o^ sa£|o| 3^^eK 3^(82)-^ £ES o|^ufe 7j|o| ^a(22) Si N|o|E|a(62)4 §^ 

£|ch 7H?#* kou «° l k sasi^i t£ sic*, ^ s^(82)-e ?s(74)« s*k>i ^a^is z.m\ 4 

B(68)4JE ti3£|0) 5E3*i| s})tj(68)HS ^jif a»W. ttB, 7||0|H ii«H(24) » c||0|e| n||H(64) flo||fe ?g 
(72, 73)# 0|#H|. SlHfe MS 7||0|e H||H(84) H MS E||0|B| n|)H(86)7|- §^H|0| SiODi t 0|#B HHH(24, 

64)Sf s|^. §x|S|-o| Qxi-A^ nHH-i- M&fltfe ofe 7j£ £ l^^oj a o 0 ^ U | Dii 0 | Sfi | ^ « fe 

a^t^io|EK 

o)7|o|A|te 3^(82)s| XHMS| oils IT0# M^H^, »AW °J)3 SA| g*|s| M^gfi- H3 «9S 



5E 



ziajfl, ■& ^ A l°1i°fl ^ SA| g^l-g- 7|£!-o| xi|s uj-gjoy c||s|-&| £ 4a lH*I 13cS|- £ -j qx\ e. 3-1 #H 

s o[o( aj-aii^i ^aacK 

fl*l, £ 4a m*l 4coi| £A|tf g-ol, a^f otflsl £Sft||&S citflo| gHjo £ -i >000 A L (|x| 3>0 oo As| 

D^H# 0|««f0| 2*! ££fe £4) Aizi^oi, 7|S(10) flo|| 7i|0| j=Aj( 2 2), 7||o|M n| = (24) l 7)|0|S 3^(26) §! 
#*l ER(28)« iftfe 7fl0| e u||Ajs SAHQ-cK 

£ 5a SI 5WI EAlfJ b^f I*0| t 7|0| ■ 1^(30), eKE*»(40), &Zlft(50)« *W S*tH* o|g*KH ^ 
1,500 A l||x| 5,000 A, 500 A M|x| 2,000 A, 300 A M)x| 600 As| ¥^ f^tU, 0|O) ^ £.S*il#(60) 
ft ^flEig so| hj-SSS 1,500 A M|x| 3,000 A °\ ^liH Zl fl<H| £^(110)1 1 Mm 41*1 2 pm^i ^tHI^ £ 

Zl Jft, *i|2 QfAHf ^Q|(l10)oi| gJ# 3EAK* J|fc ^^[0( £ 6b ^ 6cOj| £A|^ u^|. gfo|, SAW a|H(1 1 2, 114)S 

tt^ftcK o|0H, a-S^nHS(112, 114) So|| AH «j-st HfHxI^Blal aflame), ^^g^(65)2fHE||oj £R(66) A^o|oi| 

^(114)^ N|0|B| «||AjJf(A) t ^ c||o|e| bHAi( 62i 64, 65, 66, 68)o| MMm ^2 ¥*(112)Mc^»l|7|- 

« Wi 7 |e|. jf£(B)si asms sf x-iwtw. oi ecu, *iiy^(c)oji few sat a«w(n4)si dioi&i h|aj « 
(a)oii y-c^ ait znw(n2)si ^ibi bit *oi ar ggoj|A-i°i s3 ma\ ci&x mo\ot *tsi, *m ^#014) 

-I ^*^|2-¥.S(112)S| ^|S| 1/4 Omsk ^fe^0| U^5|«W.^l2¥es| J=tfjfc1, 6 4]X| I.Q/mSSSS^^jl.flll 
i=L a o| 4,000 A 0|^oJ 3.000A S-E^ Mmi^ ?A0\ 1^. 

o|sf i>o|, ?|x|o|| h}b} ag-s|-s| Sal^fe &-fflo S 0 ^&| ?|*|7F 211 ^ Asm, o^MA-j-b &#5|l A***fe 

g^ofl cH§^ 7W gftis *ll Aim. 

as 5! £ 7a m*l 7co\\ £A|« o^aoll SBAJ-JEMCI- ^ sHQ, o|* #S #5!(s!it)om §e{)o| hh^^ 

Hj-^-g □i-i- ^cH =eahm ao|cK 

eJAi je 7aO||AHaf ao| 7|B(10) flo| S*f£|cH Xlfe ^^(300) floj y#Qt(200)* o| aSq-(200)H| ^fe # 

El-S, £ 7bOj|A-)fi|- S-Ol, #51(410)01 lAHHj g DhA.a(400)« 0|#^0i ^A^Ch 0| [E|| , #51(410) A^|0|| SHE 

(420)S| ti^om nHe{420) A^0|E| #5!(410)B| ^o| £S7|o| £sf|^M^ as . o|S«fe i^offe 

o^a(40o)# ^Wtt ttH A^sife a«(cr)#(£A|^x| aa«i ^)|7H^x| y^-oi #^oi m 

olSfe- 3EA^o| #oi#£^ ftc)-. a|-o|o|| MgO, MoSI, a-Si o|^cH3 cf# ^ 

7 Wo) aia| ^a^-i ^ a cK o^ho|| cpHA^ o|^| ^Sm. 

o|s|- o^a# S«W a^q-(200)o]| 3EAWti £#^! a#^(200)£| fifl °S^b| JI^x»o| mo| s|*KH S 

^E| ^0||A| 7|-S SHfS| 2*X«0| SSI«| ^§H1 Dtac+. ZLB)uf t |jo|| S|S ^#S|£: ^ft<H| U|^Of 691(410) 

o| ilA^lol xlfe ¥^s| sa^o| o| ^^o||AH a^^(200) *|^s| ^ns\x\ at* ^e||o|cK inif a|^« g 

711 «^ H-E &a»o| S«Hs| °s nSTjl je|x| ^ot »e eeo|cK £ 7boj|AH je^ 210^ S««7|- a ^oU, 

220-& s«H£|x| at^ ^eoicK 

oi £m^(2io, 22o)# a^fa, £ 7coii £A|fh u W g 0 | #xmoi -&sn£|x| ate ^(220)^01 y^, ^01 sjthi ^Ai-a g 

^ ^-*o|fe ^ch| Sb) ^Afs|x| ojo Mch ^ a^afol a-^nK 

cl-S a-SIS ai-ftfsl aI#^^(reflow)# ol^^fe ^o|ch o|# £ 8a H^l Best E. 9a 9co)| £A|^ ofl S #o) 41 
£ 8ao|| £A|f!- u[2[ S-o| t §Jo| ^So| f-Ji^ 4 1 ¥-^4 Wo| SS^| -f-^S ^ ^¥|o)S #^o[ 

(400)# A^|-0i ir.#@|-a #^o| g°£[ o\^y\x\^ ^oj| ^A^|(» H-g.X|-#o| ^H^l ^(21 0)^ ZL§X| ^(220)0| 
E}#c>|x|Zl f o|# £ 9boj| EA|fl. u^f go| a#fl|-o| oW| &7-I4 «^s| ^g-q- n||go| «El#a|a 

eK o|&)oh until- a|W^°A|^j fefoh ^[-b &#^(220)o| a^q-o| ft&I^Hi °m ^t* S-a^-o^ A[ | 

nHS(250)O| lAH£jc^ 

agcii, o|^ ao| aias^F* Relate ^ nHe(220) a^o|o| ^o| §o|x| ^ ^Ej., o| g-^oilfe £ g a 2f. a 
0| !nS7|o|| A[-e-H|-b ^S| ^H^Me|- 37|a| M^Sfh nl|g(430)# □^H(400)o|| a«»c|-. ZlB)a £ 9 boll ££A|tt 
uffi[ Sol fiAi. ^oj|- -¥"&(220)b| Afo|o|| ^|7|- gf^ sfe ^(230)o| ^^\. o|# a|S^A|?|g je 9c 

0||AH£l- SOI ^^Hl^h ^§ ^ A|-0|Oii ^ ^0| 21^- HN@(240)0| lAjHlrK 

o|Bl« »«fo) mm\ n*a|- ^|7f chft ^3^1 s|)@o| «*<Hac|-. 

0|CH, aa-^u||B(114) §J ZL 3^o| s Hgx-j|#(60), #Z1S(50) §] B}£E*l|#(40)o« 313^. 0|ttH. Nlol 

Ei H||AdJf(A)0|fc EHIOI&H bi|Aj nj 3 § |.^o| q| S0 | ZL^^ fe}"Oh fljl, ^Htf ¥(C)Oife tfJE«l«tf fefO|- ^Q)0|: ^ . L.\Q\ X| ^# 

(B)oii^ fls| 37H#(60, 50, 40)0| %\7-\z\o\ 7l|o|H l°j^(30)o| =Bmo|= »eK 



Ei*|. E 10a Si 10bo|| EA|f} 7|e|- Jft£(B)2| ingH|oi &t E£!*ll#(60)« 47^ n #?i#(50)« E#a| 

flCf. 0| Brao)|Aife ?m A|ZJ. afe -Al Alzf gg S £1= A|-S« 4= 0 |Ufl £S4S(60)S *I^S|al a#B| 111161(112, 

114)6 Sfe 22 m\M So| #cf. nam, aizjo| | f £g*||g(6om# A^sm JflfJ 

(112, 114)© <^£|*l ff7|7|-cH5i^HS aS^n|B(112, 114)E IMI A|2Js|fe22 *N|AH al^K o| 

a-^oiife. £ai aj^si ^^mcMH ¥e(1H)s| o| jo^oiiaH xi| 1 ^#(114)0| 4t|£|o| ^J?°| es4§ 

(60)0| HB|ufe °jo| ^7|x| &£E S^. 

E£!4#(60)o| Mo SEfe MoW S3, Al 2fe Al Ta S o-|i= ©Me! §^o)|^ 2Ai 4)z|- 0 m -ai xjzj- g cHi^ #o|af£ 7|- 
asm crS 2*1 *R B Ja°Sfe 3 ai|7Hh|x| &7| tflsofl E34§(60)o| crolale! £4| o|s*fe 3Jo| # 

E3*IIS(60)o| CrSJ £±l 4(^a| g^o||fe i|zjqi| o S CeNHO 

3 S Af-gl- 4= XU, £S*IS(60)o| McM MoW^J 2±J <Nz|2| S^2| aizj 7|*||Sfe CF 4 s|- HCIS| gfj- 7|SNM CF 4 e| o 2 s| S 
a 7|4* Af«V ^ 5U°°=I **>a| 3* SJ-S-e+ofl cH^h 4|zME 7)a| u|£«M. 

o)i!4 e^, £ 10a SJ £ 10bo)| L4EU asm, *flgY(C) Si d|o|&| B||Aj^( B )a| £g*||#, ii/Ha|eJS HS*I| 4S 
(67)3* ^x| 3S7|SS=g*|| nHe(68)E>0| ^2 7|e} iffi.(B)2| E£!4#(60m fl? 47|£|oi a §|^s| #2t(50)0| HEHfch 

0|nD y« ES*fl 4S(67, 68)© ii gj HB||°1 *R(65, 66)0| -g-S|s|x| gfj? o^^sjcH aI-c: 42|^S c||0|e| H( Aj 
(62, 64, 65, 66, 68)s| «B|SHHlaM. BE® H&ti £¥ bHH(112, 114)£ cHi= g£S| *M|S aiz|e| 

o|o), £ 11a 3 11 boll £a|» ufsf aol, 7 |E|. ^#(b)s| £*fi W2©(50) al a «Hfs| tf£*JS(40)» ##=ts| 41 ¥•# 

du)^ *m thai aizi Sfl o £ §a|oii ^7Hs-cf. oi msi Aiz|-e ^ga| mad 12, iuw mnmso) §j wen*(4o)(W£ 

*R AjS|^o| 7Hs| «ft)o| #a|o|| ai^hio^ t|o|- a«a|(30)e *|^s|x| at «HH|a) «*KNof sW, 
n*l SW 5 * =H 11(112, 114m B}£«ll#(40)o)| cH*1 aiz|u| 7^7-1 2 | fojst^og 4|z| S fe 5j 0 | uH|-s|SW. oHftfiol, SF 

6 ^ HCIS| E® 7|*im, SF 6 af 0 2 a| S# 7|*||* A^^fl 7is| %<U® ^msL * a|# A|^# ^ xlcf. ^(n 2 , 114) 

af «ih«i«(4o)oi cue Aiztupf ^11 ^*(n4)si ej-£*ns(4o)2i- szi#(5o)£i tfe sbi n-7-m 

OIS7II ©ra, JE 11a Si 11 bO|| LtBKJ HfSf 5fO|. ^Hy^(C)S| Xi|1 ^#(114)0| AH|7HE|0| ^/HE^oJa. n||a(67)0| E. 

s|l|2, 7 1 e|- ^(B)a| #?i#(50) Si SLKE3l#(40)o| *\\7-\n\o] =l s^a| 7)|o|M a^at(30)o| HB| t+cf. fig, d||o|e| u||Aj« 
(A)s| x-||2 ^(112) ^a| Ajzj- E |D S ^\ 7 \ gfo^c*. ati, o| E}7||o||A-) B}£«|| n{|gj(42, 48)0 1 a^SciK £S -^2 572| 58 
e ii/HEl|°|# £94 nHU(67) ©f¥a| meat ^1 ^S7|# ES*|| eHH(68) ©l^a| nH@# 7*a|€Ji=k 

0|oj OHAj(ashing)* #«N «HU¥(C)s| ±sA/£E||oj§ £SjJ|| nHtj(67) 5Sofl y-o| flfc Sf^at »l^7|* 7H|7H ftc*. o^fe 
gia°St #s|^d| 7|x-)|l- o|S5|-7-i^ DjolHSnKmicrowave)!- o|§«- 4= SJ°°1, A|#sfe s^#© aj^-s s 4= oj 

c», £ 12a Si 12bo)| £A|S h|s|- ^o| a«tf ^(c)a| rki:/HN|ojs £fla| n||tj(67) Si a s|^a| ±^/ = N£!« nlS 

(57)# Al^Oi X1|7HSCK 0| DU, AjZl-S i^/E.Efl°!# SE.m\ UBS (67)3|- §7J# DHij(57) S-^Oll C||s|0i ZjAj AI2|a|.o S 

4E 2i°oi, 4:^/HEl|eJ-§- £S«|| BHa(67)o|| cpHA-fe ^ai i|z|o S _ nH@(57)o)| CH«Mfc fli) Alz|o S 

=^JE 2ici|, gxh°| ii/HEl|?l#ES*|| n||g(67H S?J§ nHD(57)a| 4!«l«|7^ 22 o|o||a| Aizfg % 0 \ 
u@z|«^, olfe Ajzt AjSjt,^ H x| 8t« g^. A|zf S gg ^7|7| CH&|^| xHy¥(C)ol| tt£*« nHe(42)s| 2S©|- 
7|7|^ tl^l Sf7| ttHSOlcK oj|# SS, SF 

6 Bf 0 2 £| 5# 7|*||» A|s.s|0i rt^/Hs||o|S £g«|| nHa(67)» 5!# » 4= aI^K #4) flAj AI2| S uj^-ol- 

sfe a-sf-Olfe £Ai Ajzj-Ei- ii/CB|oj g £gx-|| a«e(67)s| 4|ztJE|x|tf, 2A| Ai^Efc §7_lg mie(57)S 7H 

2| i|^E| X | g} 2 D S tie} H°?o S y#o)Scf. HH@{57) Si B1£«ll DH1!(42)# AIZJ-I- [CD A|#sfe AlZj- 7|*||S| 0(|S 

fe SWW ei^tiCF 

4^ HCIS| Sti 7|x1|u[ C F 4 e| o 2 a| SS 7|X|* « 4 2l°o1, CF 4 2|- 0 2 » a^s^ ^ej?1 ¥»)IS S}£*l| afle(42)« ^ 4 
SicK o|aH, £ i2bo|| £a|S yjxm H}£*)l nHl!(42)s| g^7| xi|7-|E|o] ^»||7 1- sio|2 4JE aIbdI ^li^ 2Hea| 42 
(112)£ o|[tH oiJ=.SE°| Jf4S *l4acf. o|tms| Ai7|° t||o|h iohq|(3o)o| aiz| E |x| stsaog tt«holot«tB|, 42 ¥ 

S(112)0| M^S\0] a S|^2| CH|0|EH bJAj(62, 64, 65, 66, 68)0| HB|ufe go| SiE^ ¥7HS 5|0| «Hf5|»S 

#So|c|. 

0|S4 ©iel, 4:^ a^(65)2i HS||oJ g^(66)0| #a|£|SA-j d||o|e| nHAj( 6 2, 64, 65, 66, 68)B| n *MfS| nHS(55, 

56, 58)0| eHiaci-, 

o|x|^o S d|o|E-| u||Aj«(A)oi| yo|- slfc aftai- 42 ¥S(112)« 47HticK asm, 42 ¥*(112)fl| 47^ *Hy¥(C) ±±t 
Hs||oJ§ £S4 4@(67)S 47-lti * a fl|s| gTJt 4S(57)« 47HS|-7| mi ol^oig 4=E 551 cK 

2*1, d||o|e| a||Ajs 3 a| a|z| 0 | 7feS- §35 fJA^sfe a-^o)lfe n||@o| <=^ 9 s.^o\ <&o\\a-\ ^g*i ti [zi ^o| &| 

Biasl #2 SSS 7H*|X| S^JH f} Bj2| AJZJ SS£ 5 ndg, Uj£*||g Hilt), EflO|E| U|{jft S4H tt 4= jjc^ 5 B 

s| 3^S(60), 3^e(50) Si WE4g(40)S #21 C ¥#«H|*lfe me(1l4)af a e^sl a^S(50)# Aizj-§f 

2 A ¥-&ol|AHfe gj-^af aHS(H2)2| ^sfe 23« 4!^«HH tt flsl §9°^ ««tt 4E 551^. 



<&o\\m tiea asm. $m m^a a*] ±ms ms. o|7h >4 a^i * am. eftotit a 

e>* 4§e|H£ ggo| H|5i2i ziQswa}, ssift =e2« #?|7|- cHBcf. yg, eftoiift ajz| 2=3* "I 

12*1 g^ol ^o)| u|shoi aWs* So| aich 

0|2| fl-ol ©l-Oi c||o|e| HHi!(62, 64, 65, 66, 68)# g&S E 13a M|x| 13cO)| £A|^ «W So| CVD gf^SS 

§«f*Wi4 #7| ng 2,ooo A o|-yo| ^ # ?w - fiss|-(7o)-§- s^W. o|o| ^3 nbta* o|#s|- 

Oi MSBt(70)* ?l|o|M Sgaf(30)^ tMI EN El 9^(66), 7)|0|B H|E(24), C||0|E) E«H(64) S! ftx| ^37|# ES 

*ll bH@(68)§ *m = B)i-|)ft H«r ^9(71 , 72, 73, 74)* 

□^|afo^ i £ 1 l||x| £ 3CH) £A|£I- u\9\ So), 400 A M|x| 500 A ^»l|s| iTOg* #*fspl *l|4 n^H» Af-gs^ 
S\± a ^(82), MS 7||0|S nHH(84) §y MS c||0|e) a||H(86)» l^ficf. 

0|£h SO| ft -i|A|o)|o)|A-|ft d|0|EH H||id(62, 64, 65, 66, 68)2|- n S|ftS| n|)i!(55, 56, 58) H HUEJfll dH@(42, 48)* *f 

l4s) o^a* o|««H» Sasun o| ifeloM -fcx a^(65)af =Ne! 3^(66)* ftaism tt£4 nflg (42)a| *nyft(c)e 

»Q, o|s|S ft Sgs| i|A|o||af cfiMI xDl^dft j1b| h« aft Oft ae* 7FS ^£ flcf. 4 2 UM°t9 **K* 4MI*t 
7)1 ^7 |s tW. 

E 14fe ft ttes| *||2 £JA|0f|O)| U|# oj,g 2A | Bfp. j=|HX|;i:E-| 7|SS| ^3E» £A|tf B|*|JEO|Cf. 

E 14o||ah fife u^tfol, cHftftal ?2ft «|A|o|8f #«|«tc}. 

±± s^(65) §y =msi g^(66) a^isi m*(cp\ tm as at aai a°fo S *^ £ |oi a^. oiam =?-^ m 
s gs°)iA)E m\ nm + sm. 

o|EHS- ft tteal ^112 ^A|oj|o|| H|a| sfflxl^E) 7|#2| gs ^2 si zio)| ixf# ^2 ^gft q|ftft ^1 #«|«JHS 
swef, *naft(C)7|- s|Aj a-b H?J= SEfe ^Ajft# 7|x|fe. yg- at na| h?j=o| ofup ?)oix|fe s.a-\b] ^-ft 

« ?Wte a^Ollfe E?fA| HAiB| ^ftO||Ai IfAJsfe §jo| SJA^o S o| eW Xfl^^(C)0| 5A|S|fe |jS| A|7|» 5gs|7|| 

ejoi Aim^(c)s| a#^ne(n4)* 3«i»jt»is y-^i^l <Hicf. «i, Any^c)^ ^oit a^esm 
a^(66)oi sisaa^as D^«te hsi ^ois assitdi, sisaaaj m¥(c)s-\ m\ 

drsis S•^(65)2^ HB||°J Sq-(66)o| □f^sfe gal HS, N # *II2 ^A|oi|e|- g-o| aa| SEfe- Q'ji £ 0 J°S SStt =r 511^. 
Si, fl|B^(C)» H*)B1# 7|X|fe 'c'Xf fioto^ gAHsfe ^^0)1^ AHy-¥(c) S ?|o|fe a.Aia| ^fto)|Ait S|s| 2| 

S tt^ gss e^a| 2A|E|fe || s| o t0 | ^y^( C )£| c|-# Yft^l BaW7|| gcf. o|s °!©|-oi, ^1 ««y^ 
(C)s| aSBtnH@(114)o| SSltt JrslS ^4 h =|a| gc*. o|aH, a#^me(H4)o| fl|y^(C)a| c+ft ^ftMnj- gf?|| 1^ 
E|fea^o||fe yExfl n|gjo| 8(t a|-a|-S!!|A|^E-|7|SSi! 4= nfle(114)o| AHy^(C)2| ^# ^fic^g?)| 

y-t a-^oiife ^ a^(65)2i Hsflej a^(66) at a ©h^si g^s aae(55, 56)oi #a«i ftaisi^i atoh ^ sih 

a|^e-|7|- e}#o| 1 4= alch itfaW. Htf ¥(C) #<H|Ai ?|o|fe ^.ftdlfe nH€|« x|i 4)a|o(|o| b ^ft2h tfo| ^7|x| & 

£s s|-cH u|E*l| nHt!# Ai|7i§fe 5!o| u^S|*^|-. c^s| Ai|3 UM<4M f8W ^l«WI ^e*^|S ?-toK 

nB|g, ft U-d|o| j|| 3 ^a|o||o|| am ei|a ffA| g! n x||2 i,^o|| c(|©|oi £ 15 u|)x| £ 17* S2a *W ^gfinf. 

E 15fe ft tt-es| xi|2 n|# «ia iEEA| H|ttf SSjxI^E-l 7|©S| B||x|£0U, E 16ft E 150||A-| J ftft# 

©Wl EA|th ^cDEoU, E 1 7ft E 16o||A-i XVII-XVII' a# a|a| S^S- E}SEO|c|-. 

E 15 SI E 170)| £A|*1- U[9\ ^0|, ft SA|0l|0j ttfB HfBj- S?HX|^E| 7|#2| ^Sft *JA|oi|^ #A|-Sfcf. £), 4:^ 3^ 

(65) 0| 'C'X\ £?fo£ l^ E |o) 7)|0|H a^(26)S WAJo S AV« §J §^0)| D||0|E|a(60)S| ftX|S gO) ^°oi, HSl|°J 3 = 

(66) ft 'CX) s.°to| g^(65)2| ^D^ft gS-SjO) alc|~ft A||yft(C)7| ^Olx|ft ft ft(D)o)|A) u|£*)| nHS 
(42)0| 7)|0|£ SfletOO)* HB)lH^ 7H ;: i 1 ft(45)l- 7)X|H °(cfe flo| cfecK 0^7|0)|Ai, 7H?ft(45)o||ft h}E*)| DH@0| fta 
§1 ^|71S #eHo|c:K 

na)g, ft jtfgai Sa|cH|o|| at* sa| g-*|# 7|ffs| x-)|2 ^o)| c|j®^ £ iss| st^ai e 15 M)x| e 17* S2£ ©KH 

^*n«i « eecf. e 18ft ft wesi *ii3 umm ot« «i« sai s*i# ai-at s?!ix|>:E^ 7ie°i =as eais es°e 

AH, E 160)1 A) XVII-XVII' a* Ufaf SEffl- tfflJEOlck 

ft Seal x|| 3 ^A|oi|o)| a\m Sffl cHftftE fl|1 £Ja|o||2| Ai|s SS^I- ftA^cK 

Ef27)|ft, E 18o)|a)^So|, SH-ei(HO)* ES*U1I2 o|ria» o|*fl AfS S^af nHt!(112, 114)# Sa©lft 

dl. ^ Max|^Ej°| AHaft(C) §o)|ah ?f|olx|ft ftft(D)o)|ft 7|e|- ftft(Bm Sol B«atft ftS§| H|7H W. o|ft SMI 

AH «0fi Uf2| SOI, *Hyft(C)7) ?f|0|X|ft ftft(D)0)|ft E^ §§0)1 A) g]o| s|f^ f^Ato^ oj^ x|)aft(C)H| C» ftft^l 2 

A|E|fe w £ | Ai | 7 | 7 | &a | oj HE) |oj g=(65, 66)2| a §)fte| 2HS(55, 56)o| &a°l fta|s|x| sMM- AHUft(c)2| 

BJ-£*I| nHe(42)# ^»I|S lafi- ^ Sloj B ftftaf Sol H2| 2A)if# #ft©| SHs|# 3t||7H«KH BJE3I nHe# kh7|x| 

Sfft 5!o| u)#5)s|7| it||ftO|t^. o)7|AH, d|o|EH H«aft(A)o)| *|*|&S3M- nH@2| x)|2 ftft(112)ft 'c'xifiokoi ii 
(65)* S»*hft e||0|e| bid (62, 64, 65, 66, 68)3 fiSMi 7)3^. 



o|aj t *m ^mm &M*m, 44 ¥*(b) a *n«¥(c) s qowfe *#(d)si ±c*s £a*ii*(6o)# *!4» *, n *hm 
szf#(5o) a tts*i«(4o)» *n ¥£(114)4 tw A ^4°s jitwji, ^ a^(65)4 hns! a^(6e)« # 

B|SU ^ 9^(65)4 HE|oj g^(66) A|-0|o| Hte^i n||e(42)# H&ltHcK 

olSTII, *H«*(C) goM fl(Hx|fe£A|B| Jf#o|| WEXie« *I|7|*I-S f ^Ha¥-(C)a| ttJE«ll nHS(42)# 3«» «£Jtt 
=^&4. 

* 4Woi|oj|A-)fe ±± S^(65)# ha]e|# 7W£s ggtftxiet, Hs)|oj g=(66)S S^tT 4= &4. o||s|a|o S xHtf ¥-(C) 

0l| SA-|a| ^(D)0| #£* x-j|2 4|A|0)|S|. g-0| S|P}t|- ^Aj^s 7 fX|^ »U"X|. £Efe H J"4 £of£ S fietftMl 

*H«*(C)» S*o]|fe xHU^(C)o« SA|-s|fe g°| 4| 7 | # aflltMl Solskas 413 i!4oi|^ §o| ^ a = 

(65)4 Hb||°! 3^(66) a|-o|o| gf£*||£ *ll4°|-x| St« ^£ 214. 

ttB, 411 4|A|o||a|. S0|, B ^o\\M £3*i|#(60), §Zf#(50) Si tt£*IH»(40)E.* *i4SKH *0|S ^^^(30)^ 

7{|o|M U°i!4(30)£| £fe o[cK 4I4 iJA|o^|# ««fo| b Ho\m S<2!4(30)44 4l4®Rr 41 

3E Sttflo|| CD 8^0) tfg«t7|£ S4. 

£ 19 9U £ 2(fe * 4I4 ^A|oj|o|| zt\m ojjg S a| ufof ]=£Hx|±e| 7|»s| ESj^l, 44 £ 1oj|A) |H|' sj 

in— nr a-n ccjsf aaa Effloict. 

cH*Ss| 411 £M|ofl4 #a|^4. 

£ 19 ffl £ 20o||Ai fife. WW ao|, 5Me (42, 48) ©MfoilE} 7j|o|H S°i!4 s||g(32, 38)o| y-ol- °Jod^ fit 

4(70)0| 7||o| S nB@ (32, 38)°s 7ha|x| gfe 7|©(10) a 7i|o| M u[|Aj(22, 24, 26, 28)# §2 &4. 

zz&iS, s tfgsl 414 4!A|cHM 4# sqg SA| 7|ea| 4|^ aMgjofl q|«}o| £ 21 a Ml*! £ 21 b4 sWa| £ 19 £ 
20m SjIS 4oi £J4|u| Sftch £ 21a 3! £ 21 bfe *l|4 ^A|oi|oj| Qijg sa| g-^g «|of ebhxI^e-) 7|ea| 

4I3E £M°\\ tt[B\ £ES-°^Ai t £ 21 afe £ 6ao]|A) Vlb-Vlb' a# £A|f} ^gjEOl^l, E. 21 bfe 

£ 6ao]|Ai vic-VIc 1 a# nc|-af gaf £A|ft afl£o|ch op\A\ t s. 21a a £21b-^ 5. 10a H 5£ 10bs| cfs £A|«£ 

£ ^S^l »I|4 ^A|o1|o|| ix(# 4|i£ H-aollAH £ 10a £ 10bo]|A) Mfe a[2f g0|, B ^-g-oll in#H|o1 HS^ISdO)* 
4|7i^oi a *^s| #^S(50)» i#A|^fe ss*Mfe ^11 *|a|o||o| 4^ 

c+STllfe, 5E 21a 3! £ 21boiW fi^ ^o|, 7|Ef ^e(B)s| i#a sas(50) a a *Mf*s| ttJE*ll*(40) i! 7||o|e ^ 
^(30m 411 ^(114)4 1M #A|oj| 4W*KH, ^H«¥(C)^I ^/hb^|oj# sa^l 2Ha(67)# h&Il^^aH, 7|o|± 

atfac *HfH(32, 38) a 1x1)^(42, 48)# 

0|O], 411 4|A|o||fl|. 3^(65)4 HEj|oJ S^( 6 6)# ftaWSAj e||o|e| b||Aj( 62> 64, 65, 66, 68)4 H *h^s| 3 

sHQ(55, 56, 58)# 9 St ^4: ^7| 1^ ^£]^ o|^OiXi o|o D ^ HB| o| g=(66), 7||0| e ^ = (24), d|0| 

E^ s«H(64) a ^x| ^37|g n|g!(68)« zfzj H5]lH^ ^9(71 , 72, 73, 74)# 7^|fe M^^t(70)# 

ITOSI ^ 3^(82), 7]|0|e iiHH(84) a c||o|E| a||H(86)» «««KH 5E 18 S £ 19o«AH fi^ ^o| SA| 

m\M SJSfl- «f2f &0|, ^go| Aj A |oj|o|| cc|-# 41^ ^o||Ai A^oj- ^sjo S ^ # ^7?||# 7(-x|^ nHg» 

£ 22a Ml*l £ 22c^ * ^JA|oflo|| ccf# ojjg SA | HJ-af ebjx|^e-| 7|flfl| 4i^ gft|o|A| A^Hfe ^ mm 

±3.9] n\M\ sBt! £A|S UjxlSSAH, 5|Aj BEfe- ARg H°j=o| *HU^(C)!- S^^7| %a\±3.9\ £S0|cK Oj7| 

A H, #5! Jfle* #m\$= ±± a J=b|o|S n^a H}mo| «^s|o| 5io Di> ^gol Sa^ ^HU^(C)^ 

^So(7|s. S-cK 

U-af^H# 4l^fe H ja£Sfe 34 ^(electron beam)# MS^MH 7|-x|fe Ej|o|x-)(| aS er)# A|.*fl-cK 0|nfl a 

0|4| 0|e| A|.0|S| Z}^ DWI n{)@o| 3i£7^ fe§ 1/zm 0|A!-o S g^Sfe S0| Uf»«IW. ix:SA| %o\ 

¥4lf# ^S* 4 s o\M\ 4o|s| zf^ a °|Ai| nHS^I ^€ £#^|a| ^H^M4 ^o\o[ H|-i|-?s|^?flfe o|^ 
oj ^o| ufi^sfcf, ctfBW, it#7|fl| -^§Hko| 3^ lHx| 4/^eJ 3^1^ d|4| migjfi) ^ a o|4l 5DQh| ^e 1/jm lHx| 2m 
oj ^o| bHfs|*|.c|.. 

o|nH. »ofcAa(400)s| 7cHa¥(C)oj|fe s 22aoj|A) fife. h\sl\ ^o| em o|^o|o| #Bi( s ij ts ) sHS(410)# 4 s £ 

22b°iiA| m~ aw a-oi ao^a(4oo)si *na¥(o» #s sjg°s a^tj.^ ojo D ^ £ 2 2 C oiiah at. H^g-oi, *na^. 

(C)s| S&oil *HU*(C)s| £ofo £ g|c|| S oto| HKbar)(410)» o|*flto| #5! ^#^214. 

Zl&m, £ 22a lH^I £ 22cO]jAi 4|A|ft o^H# 0|§§N in#^0i 4,000~2,000A g£B| ^7?||# ?Mfe ^g-Qj 

sBaM s^ofe a^i^ mitjs) ^ 814. 

£ 23a i! £ 23bfe £ 22a £ 22c^| a^a# o\^t\oi s)|tj« £A|» £^0^, JE 23bfe JE 23ao||A4 

XXIIIb-XXIIlb* 3# cnfa|. a^-s t^JEo|DK 



£ 23a Si £ 23bo||AH fife a\9\ &o|, JHU*(C) #&¥<>llfe aS*t HIB(100)o| 98l«f?| tfxlel *Hy¥(C)s| 7*§Wa| 

€• SSWac* gggi*. o|fe jtny^(c)a| 7|§Wa| ^-g-o||A-|fe °| s|D 3E7jo| Saw a#9|o| *ny^-(C)2| # 

SJftMc* y icl-spl iiHSo|Qi, o|# a?| 23 (boundary condition)o| a). §c|.. 

b*bW, *Hy¥(C)s| 7^a| *#<HH 3* ;s2S *ll?l*Hn ft Irga| ^ A|oi|o)| A^ai- fi-o| eMI °^3« g£la| 

ggoiiAH ^my[ «*■§■ *n 7Wt a^sf =HS2i a ¥fe ^mm i^^i flsiwfe, **i #a n 

x|fe asaf US (341 ^a|o^|°| "114" SEfe JE 23ba| "100" &3=)a| 3tt*MI °r?l $1*1*1 fe S^sal ^j£fe wa| c« 

¥## -¥2fA|?|fe ah g^, §js| cH^fe^ *fEWte ai|2 ga|, ^BHf# aim- 4= alfe *)I3 gajjif, th|3 9a)j* thH 3 

e| Ah0|0j| 0|S A|0|2| f-BUf-S 7Wfe g7)| gS|°| X1|4 g«# 7Wt 2J0| UH|-S|SfC|-. 0|II(|, 36||3 Si A1|4 ^ 

o| f.ai.afo. <Hs||A-|fe SWW tiSt!- af2r §-o| Sd^3o|| #5! «^ HXlo|3 gE||# 7frx|fe o|a)| nflS 

n|Afl BUS A|0|S| 7H^Jf 37|# JnS7|2| .g-SHfe 0|S|-S. §[7|l4, 7d^S| H7|# £#7|S| fesHfe o|-&m S^-H D| 
Afl nHSa| a £ it^lSl fesfe 0|3k£ §1fe g^2f a I A|| n||@ C||AJ *||2 ga*Mi* £fe 7fx|fe plf-gatf} 75(3 gj *||4 

o|sjo|| tl^rfe 3^7r ¥ ?Wf iEtrslfe S^?r Si* =r a(t*. 0|fe, =J-d|^321 °!|g S a| g-*|g HJ-q- M|Hx|^e-| 

7|ft A|0|°| HiS0| 1:1£ Af*£|fe JnS7|0fl 21&|AH fiH7|7l 3~4/rniS| fesHfeg 7Wr a^0)| °k>||Ai ^sj. U r 2r SOI Q|A)1 
nUgsi je oj 0 | S Af0 |s| 3~ 4/zn , 0 |©|o| °|D|oich »s, fesHfe o|«hs| D|Afl aHS 4 % o|« A|o|a| ?J^# S g 

«kh ^si## ^stt- ^ atcH a-a-Bt aiis°i ^* ae- ^ xi^. 

a^a| g^fe E 24a lM JE 26cO|| JEA|E|cH <&2.<H, ^.X[S\ JE 27a m*| JE 27eO|| ^A|«f7| JEA|E|cH ^c\. 

JE 24a t-H^I JE 24cfe * ttS2| ^A|o1|o)| cc|-# #0^33] ^-3ES JEA|fl- H||*|EO|c|. 

£ 24ao||AH Mfe u^2^ g-ol, #d|^H(400)2| 4U¥(C)S| 7|^rB|¥2| #5! eHS(412)o| #?f^2| #51 n||@(411)Mc|- 17|| 
8^2|o| #5! aHS(412)2| af^oflfe #51 nHB(413)S ^ a?f2£ S^=|cH o|fe x||y^(c)2| 7|^x|-a| a 

7)1 JfL«o| |y ^a|if# #7|a|?|7| ^IH-olcl. o|BH, ai-cH H°ta| #5! nHS(413)a| ^(L3)e #^rYa| #5! H||S(411)a| «f(L1) 
Mc|- §e 3io| u^5|5|Di, cm HfS«l«r7|fe 80% §ES S^W. 

JE 24b Si JE 24ccH|AHfe #a|iH(400)fe £ 22b Si £ 22c2| f^fi- ?i| 7W2 5U°i-r, *HU¥(C)2| ?i^(L1 )Mcf 

7»XJB1^ ZW(L2)0| U7|| £Efe a 7|| SAH E |o| J! cf. 

JE 25a Si JE 25bfe £ 24a UN £ 24 C a| o|i:3# o|#s|oi S^S hHS# E A|fh o^, h 25b^ JE 25ao||Ai 

XXVb-XXVb' Aj« u:|a| l^tr E*flEO|cf. 

JE 24a lH^I £ 24bo||Ai Mfe u|2f gol, *Hy^(C)2| 7^x|a| ^o|| #gj m \ m^\ 7 ^\ #51 B||go| s # a 

Ajj|ft| a#a|-# t=r§ISj, JE 25a £ 25bo||AH Mfe ufsf ^o|, 7|x|fe a^af n«S(110)« l^tt 4> Slcf. 



JE 26a l-H^I je 26cfe SSa| A||2 ^A|o(|o|| u:|# 5A | x^|a. H?H*1iB| 7|es| ^o||A| jtHy^» 2B| H 
2J=°S ^A^gpi o )ft D ^ 3 o| D |A1| n||S f5f jEA|fh n||*|.E0|r4. 0i7|AiJE, xM^i®* f^l°5 Qr^fe S^oHfe ^rJi 

oj ^|o|s. o^a dhsoi a^sicH at*. 

JE 26a uflX| JE 26cO)|Ai Mfe u|2| ^o|, *«y^(C)fe- 2£| Sfe £Sf°S S^S|Oi XlcK JEfl, ^Tfl iJETjg X||7H*f7| 

^a|oi a!"*. 

£ 26afe £ 24co|| J£A|?t h^£| *Htf ^(C)o)| *Hy^(C)a| rx|4 a|c| s.°f°| uK410)7f *^e|cH al°Di, *Hy¥(C) 

7| *uffe S 7|| JHLolfc *a| *3H» 57W?|7| o^3(400)o|| £^(420)* ¥7r£|&l xHU¥(C)7| ^7i| 14 H a|oi a! 
t*. 

JE 26bfe JE 24ao||AH Mfe u|a| ^o| # D ^3(400)a| Jf(C)o|| c^a| #51 n||S(411)o| %m\o\ al^K o^7|a-|je, *Ha^ 
(C)7f 7f§Wa|*o|fc SSJ-¥Mcf B7|| JE-fe 17)| g-Sa|o| 2io B ] i x|)U^(C)a| a>eo||fe efcH H°ta| n||e{411) 

Me* 5fe #S nHS(413)o| a^a|o| al^r. 

JE 26d5 JE 26b2t f-A^XlPi, xHy^(C)2| HA-|a| Jf«« €H}Sf7|| S^SfOi a#5| B||@g ggfj. ^tt||^ l^ S f 7 | 34 
°r£! ?so|cK 

JE 27a l-HxI JE 27et ft aa2| ^A|oi|o|| cc|# °J|g 5A| uw J=?«x|^e-| 7|ffa| 7^|2 ty-^ol/H H|^ga|« 7|x|^ Jf 

ujn|| o^aal ^3E» £A|f} Hgjj o^aH, je 27a, JE 27c, JE 27d Si JE 27e-c i*^fi ¥ tf»H a|i:3a| J£A|S u|*|e 

o|2, £ 27b-c £ 27ao||AH XXVIIb-XXVIIb' t!« c*Sr SEttr EjaJE0|cf. 

£ 27a Si £ 27bo||Ai Mfe n|2| S"0|, 0^3® 7|fl(500)s| MgO, a-Si, MoSi §°£ o|^cHS ^¥3^(510)01 §^E| 
o\ 55lo B | i xHUY(C)a| t^gBt(5io)# £&)L(|^ 7H^« 7|x|d^ 3B §°£ o|^o|5! eHS(520)o| S^ £ |o| ai^K 

o|«|, WQB|(510)o| #L.fe ^y-^(C)a| y^oilfe a Til i££i# Ai|7-|s|-7| fl^o| afcn ja°ta| hmFS ^(51 1 )o| ^7ts g^s| 
cH ale*. o|nH, d|a||S Wf-Sat(511)2| £#7|a| ftsflfeal i/2Mn| >yo| H^ai^cK 

cH7|a-|je, S5HtfY(C)a| S71I g^(E)e! 7|&x|a|^o||AH w°| ^nfifg #7W?|7| ^|sH £ 27c M|x| £ 27eo||AH fife u\s>\ ^o| 
HWS«K510, 520) £fe Dhi3§- 7|tK500)a| c*^7« S5 r A|a 4 Xlc*. £ 27cfe a?l| S^(E)a| Wgat(520)€- 



"-&(510)fit|- §7|| a °o|3, JE 27cfc a^l aa(E)o)|AH D(iH§ 7|tK500)£| ?ja# ^ S^sUl o|c|l H°f 

a| u}¥S|aK520)« S^t^ a-f-OIJl, £ 27efe aT|| aa(E)o)|AH Dfia§ 7|£K500)a| a 7)1 «^s)Jl a Til g«(E)o)| 

Ai y^S|aK520m cHi ¥S(510)Mc|- ggfh a^o|c|. #s xflU*(c)S} HHFfcaKSIO, 520)S n|# a.a°£ 

oiaie ss** ««foi tt 4= si*oi aiitt *»isi m\ 7fxit aim sist «««t7i #siwfc #n^nfe ch§ 

¥2)## ?Wfe 47H°| 7WO|: #S 4= SM. = ^n)^3fe Jt#7|S| g-SHfe 0|#H S B||@0| S^H|0) flfe 

*II1 S^, 7H^7)t^7|H| £SHfe 0|#S| 37 | S ijAj£|oj xj\ 2 g^, feSHfe 0|S|S| D|A|| S||£jO| tJAH£|0| o[cH #?J 9 

£S| |2 f-Bl-irm #7J 35)13 §U *)|2 31 *1|3 A|0|o|| *|*|Sfe 3711 a^O^ X||3 ge^2| f-^lfMcl 32 

fctHHsMcl s|s a I a|| nHgO| fjgs|o| flfe *J 4 S<NSS 0|^0|J6|o|: &c\. 

o|7|AHfe, Afssfe it#7|s| ^§Hfeo| 3^e! a^-i- IL5Hs|o| #51 nnes| 3$ gJ o|«s| 713 Hi mm 5!o|cK 

£ 24a£- S 7)| ga|o||AH #a| n|||H(4l2, 413) a|o|o)| ggg 7H^h| H7|* ^7)1 s|oH %a| ^a|## §7|a|?j a °o|d1, £ 
24b 3J JE 24cfe 8* £3! HUB (400) A|0|°| 37|4f 0|§|S o|E| §71 gajMc|- a* g^-g y?|| gg«HH 3 

tii aa^i n Jf3»* a^om, £ 26a m*i je 26ct 4U¥(cm ^sm hhps*! smah ^as 
oi#sk» a-D)^3# ti*et oiioicK 

ci-ss, *hb¥» 7W^ nai at ma- i^sfe a^oii a#^ nnesi saj*i-7ii a^si7i 

^|§H S°|i3ol| S^s| #51 aH@s| aa ££fe z\x[o\ *o| [flsfol #a||s|7|| 4ia*|-7|S H-cK 

e 28 9 s. 29t # arasi ^12 mm *m slm w mjci^bi 7ieai a-atHW A|#*fe ^ ami o|^ 

3o)|A| xHU^-Hl £A|f|- B||*|£0|C|-, 

fE 28© #5! 2HH(410)o| «Ha^(C)S| agff cc|s| a|cHH°f°S JE 26a2| #A|s|oi, £ 29fe «|tf¥(C)* #5! 

SWSI, £E 26a2| ifB| x||U-¥-(C)7| 90' gjEI^. ^0\x\±r B!oH3, ^B|x|fe ^£(D)# 45" SJEJ^ Stella ^4! 

^» 7Ws.s ^y^(c)7| "U"t:| !£fe "J"*) £°io S «^«hsacK oj^WE, ^y^(c)7| BLffe ^*(E)o||-fe # f-a^» # 

7|ai?i sH@ai jt»i* sai^ a^§i7i a«kh ci# ^sa^ *ny^(c)7i utii &n m&sw &e±, 

0)7\M, JE 280)1 Ai at t)|e| aol, ?-¥B|7:|fe «^( D )o||a| #51 nHt!(410)a| ^o|l|, #51 b||@(410)^ Si he||oj§ o|^ 
3 nHe(400) A|o|H| 7i2|a D^$» flislft ¥*Mc|- *3lgf* S7|a|?|7| ?|S|) B?|| fi^efe 5)0| #0^), ^y^( C )7| 

a Til a SKEW A-lfe ^fiti| y7(| lAjsfe 5jo| H|-#S|*|DK a|7|Ai, D ^&2| D|A|°J 1 .41 ±0.05 l||a| 
1.24±0.05/ffli S?I<X|AH 5|0| U|#5|5|Di, 5|^jo S SjAHE] «^.o||A|o| C |x|oj -| , 2 5±0.05 Aim H^MIA) ^T||S|fe- 

3jO| H^S|«W. 0|ttH i.#7|±r ¥§Hfe 3/m,» 7Wfe Jr.#7|0|c:K 

SEtt, JE 290)1 Ai fii= u|e| ^o|, E ^&s| p|^3 nHH(400)s| ?i^(L1 )* 1 .5-2.5^ 9JES| ^\o\\M «4y«f2 cfS *gs| 
Zia(L2)fic|-, d|g-5|s|?||fe o.1~0.25^ii, y?)l a^sfe 5o| #c|. #S EgcHIAH fife b|a| ^o| E ^go| oftj t» ^-feo|| 

JE ?^££ Wo| f. 2 |gg ^7|A|?| a#^S| 21M7)I §|7| ^|S|CH L2S| S# ?W£S QA^^ - o(dK 

SMI AH iS9 # ^gs| ^a|o||o)| tc|# 5|4: S^°}o| Bj-af J=gjx|^B| 7|eo|| lAj E |oj oj- go f m<y] 

S OL|, QHg «x|# ^er|7| f|a ^ g# £RjI| S|4: 3^0| fi^ B^Al^El 7|fi0)| ^^Sfe a^O)|£ S|#^ 

4= OlECH , g# fllol B H||Aj31| *^| 4 SJ°01, S|^ S^fe d|0|B| b||Ajil| + 



0|S| a-0|, g- tt-aoll cc| = a H a | H|°| S1Ha|^e| 7|a{i ID! d^3S| ^# S2|5|°S SoISaHJE 7||0|M 

2HJB S 4|o|e| n||H» fistt ^ ?ic|. stt, *Ha¥- Wo||aH fiAHa|7| alfe ^feo)|fe aH|7Hs|7Hu| 

7 |Ait *hw^# aa*wi4 7ig-xiai a 79 ¥^oii gjo| ^bi*^ §7wa°s*i §j hnsi s 

^2| a ©1^21 a^S ¥a|©ISAH xHU^a| &eM "HB 4 Sicf. 

(57)w?si m 

aa 7ie- floii 7iioi >=Aj si oiai aas tins g^s aa-sit tiio|j= an, 

#7| 7H|o|s h|ah# t)|o|s lasHs -g^-sfe ElTll, 

#7i Tiiois aaat floi *}s.n 

aj-7| yjE^i one a oil xh#^ guf* migs s^sfe a-Tii, 

AJ-7| f|o| aHs ^a|£|oH S-as|o| jjo^ gss tHiois ii 31 Hefia S^K #7| ±± a^a| aa 

A C||0|E|Aj# SfSfe 0|0|E| UBAj# S^Sfe tWI, 
AJ-7I EflOlEf H||Aj# §fe fisaj s|)B« ElTll, 

^7 1 nana a^Bi asEit «4si«fe a7ii 



4?l ±± §y he||°j g^s| ^a|fe a#Ht suss o|## a|*| #s|oi o|^cHx|b), 47 1 ag-ef ^HeiS 4?l ±± 

£R SI HNSJ 3^ a|o|£| *Hy^o||AH HAia| ¥£# qsitt *«o| ?|*|s^ H|1 H|1 ¥**f 4?l 111 ¥»IM 

HI 2 ^|« 7Wt HI 2 ¥£ Si 4?l £*|a| Ifs|2 4?l HH SJ HI 2 H|2| =} ¥¥o)| fl*|*H*| 

4?l HI1 ¥H|MC|- 8fe ¥1IS HI3 ¥S# ifofe »*W ■ Qx|£B| 7|fla| *H=e 

H^S2 

HMH-ollAi, 

47| gj-^at HH@e ?J4 ^°|o|b), 47| A|*j *4z| 5 go|| Af#£|fe n^afe gs| «|*eK>l »«l ¥*, 

¥#Mcf 9|S| ¥*HJ# 7|*|fc #«H ¥S Si 4?l ¥*SC|. feS Ujsj ^2Hf« 7Wte m ¥£S 4?l 

2+ JMfrB Jn# h^oiiah 47| gggf d)|s°| HH, HI2, H|3 ¥-&°)l ^ c||§§lEii 2 a| aj-af egui^Ei 7| 

esi his s-a. 

H|2S-o)|AH, 

4?l ol^aal 5!»H ¥££• 4?l inS- EMM A|#s|fe §«||feMc|- 37|7| S|« nggg HA| 4*|# Hj-ai ■ 

?NX|iE| 7|{*2| Ai|S gj-a. 

H|2-&o)|Ai 

AI.71 o|^3fe 4? I ¥£Sc| 47 1 «^ Jf£-Sn| %! ¥4## 7W°=I, 47 1 %q tf&a\ #7| H|«|| Jf£ a|0|o|| 
*l*l*Rr y!»ll ¥£S e) M#Spl 4?l Af#s| fe ggo) « S ||feJa.E| 37|7| sfe nH@* SS-Sfe 3*1 4*l-§- 

H?HA|^:E1 7|£h°| HI 3= 

HUS-oflAH, 

4?I o|i3£| Si ¥^£- tf^aaf* ZlWte «W BSe^N 7|fi-°| His 

HI1S-0IIAH, 

AJ-7| d||o|eH e||^a| 471 silt! Si 47| aj-£*|| sHll# s|l-|s| a|S3« A|gs|oi g^sfe ha| ufaf sbHaI^eI 

7|fi-2| His H-a. 

Hl61ho||AH, 

^7| 7iio|s a^at, #7| &s.n "US, una §j -y?l c||o|b| untisi 14 

TfloiM at. W£«ns, si sas* #*t*fe ^i, 

4?l JES# flo| S»at* E55|fe El7)|, 

47i mm m Di^a« #©io^ jt^it ^i, 

431 SSBfS 848101 43| AHI2 ¥S0| 431 QIOIS HH£!£| 4 ¥00 ?IaIS|£s ^| ^ S b} iH@g a45fe B3II, 
47 1 HI 3 ¥£ ohHH°| a^ 7 | E g#2| a ©f¥2| Si SiE*||#, 4? I H|1 ¥-&2| a o|eH2| 47 1 £S§ si aa|3 
4?l HI2 ¥*s| fi¥ ¥^l» 4?l £SI, 4?l S^S, 4? I WSE*II#°S 2+^ o|¥oi3 4? I c||o|b) a«4, 47 1 a 

bH@, 4?l BBU US* S4*te E.MI, 
47| iJ-Hat nna# Hl»«te EhTil 
* iPfe 2A| 4*|§ h|d| h?ha|^e1 7|SS| xi\3L gj-a. 

HI7IMIA-I, 

47 1 c||o|e| h|ai, 47| eHS, 47| nHSs| 14 EMfe, 

4?l HI3 ¥•§• ofE«°| 47| ^4 at 24 4^sM 4?l a^## in«A|7|fe 0*, 

4? I HI 3 ¥■& o|sH°| a^# Si n o|eH2| 47 1 4? I HI1 ¥¥a| ^l ?d4 4^W 4? I HI 3 ¥S o|eHs| 47 1 7|| 

o|M a^atji| a^7| HI1 ¥•& ohEHs| 47 1 fE3## i#A|an|. sa|o)| 47 1 u[E*||#o S 0 |¥&I4 4? I HJ-SEfll SH^«h 
fe E.WI, 

4?l HI1 ¥^ o|sH2| 47| £S§J[ a o|e||o| # 7 \ 4?l cflo|6| u|Aja| 4?l a^« nH§# 



S?S9 

&7| 7|| 0 1 e H||AjS A} 7 | 7j| 0 | EAio]| oil£|0| £| if^JfE) SBgfe 7l|0|E n||=« Ci St^pL, M 7 | cJ| 0 |E) Hi|Ajo & 

7| Oj|0|E)Ajo|| oiSHlO) S|«^Ei AjS# QBi>fe C||0|E| n||J=* Cr| Sp^, 

Ai-7| j^^gif S {)g oj Al-7| 7]|o|e £|o4^ 7||0|5 H |)H §| ^7| D||0|B| flH=# ZjZf ic#A|7| jl Sl^ol, 

#7| ^|0|e n|]H g #7| C||0|&| nHHS|- Sl£|oi &7| J*± #11 S g£ S a5 t|| 0 |e n|)c §J M=SE ^|0|&| 2}|Ef fj 

£J§fe D| ipfe SA| ufD| equine] 7i0-o| Xi|3E »B, 

albino 

3d 7ie m no\*L# §y ow ass noi = er« if§fe nois aii£j# ^i, 
^7 1 7ii o|h @^ t)|oib a^^t-t 

^7 1 7|| o| S gojo| o|oj| aj-i^i n|j£H# EM, 
&7| *}£.M\ hHS ^|o|| xiH-AH jiDQ o ^AH^- D^| f 

#7| m# ^1 oil Ais ga|B|oj 8&h|cH ggg §o 5 &t#ol£! ^ ER SU HEHIeJ g^ <y 7 | ^ 
S dlolEid* N|o|b| 441* EMI, 

^7i e|o|bi ui^a^Mftotoiie*^^^, 

#71 £El|o| ojgsfe ifcfc ti^fe EMI 

#7 1 §J H&lleJ g.E|4r 0|*ft A|-£! 39* 0|^OiX|ni, #7| Dh^H-fc- S^, &7| § 

sjMcf sf-g §y f-JiHf-1 7Fx|oi m;7| g^. oj HE ^|o| g^. Afo|°| xflgifi. #of^o|| cH-gefe ^oj| *|*I*He XH|2 gel, & 

7| *J1 a #7 1 *«2 A|-0| o| Hj A.Sfm 7|-X| #7| *Hy^ 7\*£X\B\^9\ %7\\ g^0|| ^] 3 gS| S 4} 

7| X1|2 UJS ^} 7WDi AK7| G||0|E| B||Ai0|| CHS*fe ^S0|| ^ii4 iH^I-^ ^ H^HAl^Ei 

Ol!-0i| A| ( 

#7 1 XH|2 % m S^Ojl^ tM|Oj|Al A^Sfe ^ ^ ^0| ^ #?! SH@0| SAJ H |(» oj- 5 A| § 

"i-q- BiUi^E) 7|ffa| x-il^ aj-a. 

AJ. 7 | 3 o^o| njjgo Aj. 7 | 35,12 ^^o| 4| g ^ Mc ^ o|q) H ^o S a^SlOl «fe SA| B|g| ^ 

7|ff-a| x-ii^ uj-a, 
X-II12U-CHIAH, 

#7| 3 gs|s| #7| xHUJf aofe #7| xi| 2 slofal #7| zHy^ S|o|Mn|. ^ 3£A| 9x1s sM-af ^sHx|A:E^ 7|ea| *i|=E a-tf. 
fllllWHI^, 

7|es| THIS BJ-ffl. 

7ie, 

X|^Eio| ^lol e ifBfe 7||0|S «■*!. 

#7| 7||0|E B||Ajo gj, oj- 7j| 0 | e §ojo| i 

#7| 7j|o|H l°i^^|oj! BfEJHIs o\^o\*\ ^je*I| mia, 

#7| HJ-5EX-H SHS flO|| a^SlOj AflS ^tJ=o^ (HOI d|0|E|4!, #7| Dj|0|E]Aj°| §X|oj Aj.^| bl-q| Egj X |A:Eio| 

±± S^, #7 1 4:^ &B|£|CH ^ 7 | 7||0|e g^-f- 1-Ajo^ A^| ±± g^ o^^- Aj. 7 | ujnf E|HX|A;&|o| csj|oj 

a»s|-fec||o|E| biig, 



#7| E||0|B| b||Aj ?|0)| g^E|CH 2i°c*j, #7| HB)|eJ H&|L||fe 3^ 7Wfe SS n 4 HI!, 

#7| Msaf Dflg flo)| «^£|ol 2l°tt), #7| 1^ #«KH #?l HEfl°J efgsloj £{fe sfi SRft SfttM, 
#7| ±± gs^ #7| SNSJ g= a|-o|s| *Ha-¥-fe ^xlfe a^al ?W2 #7| a^a| ^ftoiife #71 ffl-.E*|| 

nflljol S||7H<E|0| sj-°t EEHxI^E) 7|S. 
xh| 1 5 sK»i ah , 

#7 1 7l|o|M ulltiS #7 1 7||o|e^o)| oj SE |o] fi|^s¥N 4JS# SB^fe 7)|o|S nHH# c| 3E&e|a>, #71 c||o|e) u|de # 

7| D||0|E)Ajo|| ojg£)cH S|*a#B| QS^fe D||0|E) n||H# E| ±fB|o|, 

#7 1 MSat miee S! #?l 7||o|£ agefe #7| 7H|o|s 2NH §J #7| d|o|EH nflH« in#A|?|fe 32 Si x|3 H*? ?W 

n sy°°i, 

#7| x-)|2 SJ xil 3 £W #«KN #7| 7)|o|B sHH 3! #?l d|o|E| n=sf <aas|oj #7| Ste a^nf gilt* |£S 
(H Sife MS 7)|o|s nHH si £5 d|o|E| aHH» D| sth&lfe ^af S^hxI^e) 7|#. 

*Hl6#0||Ai, 

#7| s\± g^S ^gfi Egg ftflel ITOOndium tin oxide)S o|^ol£! H|af £flx|£B| 7|eh 
*l15tM|A-j, 

#7| S\± gs*« ol^cHg S|HX|>;E| 7|Eh 

35II15S-OIIA-I, 

#7| USE* slew #7| e||o|e| una *K>|o| «a=l<H floi*!, M£#£ 3fe£E Eg£|cH 5«fe x|t!# nH§# ci stt 

©l-fe SSI A|^E) 7|tK 

#71 g^s nn@s #? I *iio|e) B«Aj^ m* 7Wfe ^ m^h^i^ei 7ie. 

XII15S01IA), 

tf£«| nHBS- #7| *H^ S "M«ttJ #7| C||0|E| a||Aj 2f fcfltf fiofoj ^sf |=?HX|iE| 7|#. 
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